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157] ABSTRACT

An apparatus for cooling an intercooler of a motor
vehicle, which is located adjacent to a negative bound-
ary pressure area of the vehicle, comprising an electri-
cally driven fan which introduces cold air to the inter-
cooler, a sensor for sensing the speed of the vehicle, and
a unit for controlling the fan in response to the speed of
the vehicle. The fan is rotated in a direction in which
the outside air can be introduced into the vehicle only

when the vehicle speed is lower than a predetermined
value.

3 Claims, 6 Drawing Figures
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1
APPARATUS FOR COOLING AN INTERCOOLER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for
cooling an intercooler 1n a motor vehicle.

2. Description of the Related Art

Almost all apparatuses for cooling the intercooler
which cools the air intake of a motor vehicle are of the
type in which cold air i1s introduced into the motor
vehicle from the outside. The cold air is introduced into
the vehicle by a pressure produced in the vicinity of the
outer periphery of the vehicle, i.e. in a boundary area
between the vehicle surface and the atmosphere. Ac-
cordingly, if the intercooler is located in an area of the
vehicle in which the pressure is positive, the cold air
from outside can be introduced into the intercooler
through a hooded vent locaied in front of the inter-
cooler, with regard to the forward direction of travel of
the vehicle, without the need for a specific introduction
means such as a fan. However, if the intercooler is
forced to be located adjacent to an area in which the
boundary pressure 1s negative, which location would
occur, for example, when there 1s not sufficient space
for the intercooler in a positive pressure area, depend-
ing on differences in the location of the engine or the
kind of motor vehicle, atr 1s blown from the inside to the
outside of the vehicle, and accordingly, the amount of
cold air that can be provided at the intercooler only by
the air pressure is insufficient thus resulting in a neces-
sity for the provision of an electrically driven fan for
forced cooling. When a fan 1s provided, the fan must be
driven so that the air is blown from the inside to the
outside of the vehicle along the direction of from a high
to a low pressure to increase the amount of cold air
impinging on the intercooler. On the other hand, to
increase the cooling effect on the intercooler, it is desir-
able that cold air from the outside be introduced into
the vehicle. The above two requirements are obviously
contrary to each other, and thus an intercooler cooling
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apparatus which satisfies those two requirements has

not been provided as yet.

SUMMARY OF THE INVENTION

Accordingly, the primary object of the present inven-
" tion 1s to provide an apparatus for cooling an inter-
cooler which can be located adjacent to a negative
boundary pressure area of the vehicle and which 1is
cooled by an electrically driven fan, and which can
satisfy the requirements for the provision of a sufficient
amount of cold air and an increased cooling effect.

In order to achieve the above mentioned object, ac-
cording to the present inveniion, there is provided an
apparatus for cooling an intercooler which is located
adjacent to a negative boundary pressure area of a vehi-
cle, comprising an electrically driven fan for introduc-
ing cold air to an intercooler body or a cooling system

thereof, a speed sensing means for detecting a speed of 60

an associated vehicle, and a control means for control-
ling the driving of the fan in response to a vehicle speed
signal from the speed sensing means. The electrically
driven fan is driven to rotate in a direction such that the
outside air 1s introduced into the vehicle only at a vehi-
cle speed at which the negative boundary pressure,
which 1s an absolute value, 1s lower than a predeter-
mined value.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a schematic view of a motor vehicle having
an apparatus for cooling an intercooler according to the
present invention;

FIG. 2 1s a schematic view of a control unit for con-
trolling the driving of an electrically driven fan, accord-
Ing to the present invention;

FI1G. 3 1s a diagram showing a relationship between
the vehicle speed and the amount of cold air to be intro-
duced, 1n accordance with the control unit shown in
FIG. 2;

FIG. 4 1s a schematic view of another embodiment of
a control unit for the electrically driven fan;

- FIG. § 1s a view similar to FIG. 4, but with relay
contacts located 1n a second position; and,

FI1G. 6 1s a diagram similar to FIG. 3, but in accor-
dance with the control unit shown in FIGS. 4 and 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the illustrated embodiment, the intercooler 1 is
located in a space 4 below a rear hooded vent 3. Note,

the location of the intercooler 1 is not limited to the
illustrated arrangement, insomuch as the intercooler 1
can be located in any place in which the pressure pro-
duced 1n the vicinity of the outer periphery (boundary)
of the vehicle is negative when the vehicle is moving.
The “pressure” referred to herein means a pressure
which is produced at a boundary layer of an object
moving in the air, in accordance with aerodynamic
principles. Generally speaking, the pressure is positive
on the front side of the vehicle and negative on the rear
side thereof. However, it will be obvious that a negative
boundary pressure area can occur at the front side of the
vehicle, and vice versa. Furthermore, it should be noted
that the pressure, per se, varies in accordance with the
speed of the vehicle, and thus the negative pressure area
can be converted to a positive pressure area, and vice
versa. In the illustrated embodiment, the hooded vent 3
1s subject to a negative pressure in accordance with the
speed of the vehicle. Note that the front of the vehicle
is shown as facing to the left in FIG. 1.

Below the inter cooler 1, a coohng fan § 1s provided
to increase the effect of cooling on the intercooler 1.
The cooling fan 5 is electrically driven by a motor 7.

The fan § can directly cool the body of the inter-
cooler 1. Alternatively, if the body of the intercooler
proper is located below the intercooler 1, and if a cool-
ing system (pipes etc.) 1s located directly below the
hooded vent 3, 1t 1s also possible to cool the cooling
system, rather than the body of the intercooler 1, by the
fan 5. That is, the “cooling of the intercooler” referred
to herein includes not only a direct cooling of the inter-
cooler body but also cooling the intercooler system
(pipes, etc.).

The direction of rotation of the fan S i1s controlied in
accordance with the speed of the associated vehicle, by
means of a control unit 11. Namely, the fan 5 is rotated
in a direction in which outside air is introduced into the
vehicle when the vehicle speed is lower than a predeter-
mined value. The fan § is electrically connected to the
control unit 11 shown in FIG. 2.

In FIG. 2, the control unit 11 comprises a relay 17

which makes the motor 7 ON and OFF, and a relay
driving circuit 13 which 1s driven in response to a signal

S representing the vehicle speed and output by the
speed sensor 15. The speed signal from the speed sensor
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15 is rectified by a rectifier 13A and then integrated by

an integrater 13B. The integrated signal Vs is compared
with a predetermined set value Vg by a comparator
13C. When the intergrated signal Vs is lower than a

predetermined set value, a driving transistor 13D drives
the relay 17 to make it ON, and thus rotate the motor 7.

Namely, when the vehicle speed V (FIG. 3) is lower
than a predetermined value Vo (FIG. 3), a relay coil in
the relay 17 drives a relay contact 19 so that the relay 17
is made ON to drive the motor 7. Note, in FIG. 2, L.G.
denotes an ignition switch.

It should be appreciated here that when the vehicle
speed is low, the pressure acting on the hooded vent 3
is a positive pressure or atmospheric pressure, and -ac-
cordingly, the outside atmospheric air flows toward the
intercooler 1, and therefore, toward the fan 5 from the
hooded vent 3. Therefore, when the motor 7 is rotated
in a forward direction, the fan 5 introduces a large
amount of cold air from the hooded vent 3 onto the
intercooler 1 to effectively cool the intercooler 1.

The fan blades (not shown) of the fan 5 are designed
so that the fan 5 can introduce the ambient air from the
hooded vent 3 when the motor 7 is rotated in the for-
ward direction.

When the vehicle speed increases, so that the bound-
ary pressure acting on the hooded vent 3 becomes nega-
tive, the air flow is reversed, i.e., the air flows from the
inside to the outside of the vehicle. Namely, the air is
blown out of the hooded vent 3 from the space 4. This
reverse flow of air is contrary to the direction of the
flow of air introduced by the fan 5, and accordingly, the
fan 5 is subjected to a large air resistance. In view of this
resistance, according to the present invention, rotation
of the motor 7 is preferably stopped at a vehicle speed
in which the boundary pressure acting on the hooded
vent 3 is negative, in order to stop the rotation of the fan
5. This also decreases the consumption of electrical
power. In addition, according to the present invention,
when rotation of the motor 7 is stopped, the cold air is
introduced into the intercooler 1 from the bottom of the
vehicle only by the pressure difference between the
outside and inside of the vehicle, and is blown out of the
vehicle through the hooded vent 3.

Consequently, according to the present invention, by
selectively operating the fan 5 in response to the vehicle
speed, as mentioned above, the amount Q of cold air to
be introduced which would otherwise largely decrease
as shown by phantom line (ON) in FIG. 3 if the fan
continues to rotate even after the vehicle speed V 1s
above the predetermined value Vo, can be increased as
shown by a solid line (OFF) in FIG. 3. This results in a
greatly increased cooling effect.

FIG. 4 shows another arrangement of the control unit
11’ in which the fan § is rotated in a reverse direction by
driving the motor 7 in a reverse direction when the
vehicle speed V is higher than the predetermined value
Vo. unlike the arrangement shown in FIG. 2 in which
the fan 5 is stopped when V is higher than Vo, as men-
tioned above. According to the arrangement illustrated
in FIG. 4, the introduction of a further increased
amount of cold air can be expected. Namely, in FIG. 4,
the integrated signal Vs from the integrater 13B (FIG.
2) is higher than the predetermined value Vg in the
comparator 13C (FIG. 2), and thus the motor 7 1s driven
in the reverse direction. To attain this reverse drive, the
relay 17’ has two relay contacts 192 and 196 which are
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actuated by the relay coil 21. The relay contacts 19a,
195 can occupy a first position (FIG. 4) in which the
motor 7 is rotated in a forward direction, and a second
position (FIG. 5) in which the motor 7 is rotated in a
reverse direction. With this arrangement as shown In
FIG. 5, the motor 7, and accordingly, the fan § are
driven in a reverse direction when the vehicle speed V
is higher than the predetermined value Vo, without the
necessity for stopping the motor 7. It will be easily
understood that, with the arrangement illustrated in
FIG. 4, a larger amount of cold air can be passed over
the intercooler 1 from the bottom of the vehicle and can
be blown out from the space 4 through the hooded vent
3, in comparison with the arrangement in FIG. 2 in
which the fan 5 is stopped when V is higher than Vo, as
mentioned hereinbefore. The increased amount Q of
cold air introduced with the arrangement shown in
FIG. 5 is shown in FIG. 6.

In FIG. 6, when the boundary pressure acting on the
hooded vent 3 becomes negative, direction in which the
motor 7 is driven is reversed without stopping the rota-
tion thereof, and accordingly, cold air can be ntro-
duced by the fan 5 in addition to the cold air introduced
due to a pressure difference between the inside and the
outside of the vehicle. As can be understood from the
above description, according to the present invention,
since the electrically-driven fan 5 can be rotated in a
forward direction only when the vehicle speed is lower
than a predetermined value, a sufficient amount of cold
air can be introduced for cooling the intercooler 1 at a
relatively low vehicle speed, to maintain the desired
cooling effect. |

Furthermore, according to the present invention,
since the fan 5 is stopped or reversed at a relatively high
vehicle speed, a larger amount of cold air for cooling
the intercooler 1 can be introduced by a pressure difier-
ence and/or the fan 5, thus resulting in a higher cooling
effect on the intercooler 1.

In addition, according to the present invention, if the
electrically driven fan 5 is stopped at a high vehicle
speed so that the cold air can be introduced only by the
pressure difference, a decreased consumption of electri-
cal power by the fan 5 can be expected, resulting in an
increased operating life for the electrically driven fan 5
and the driving motor 7. -

We claim:

1. An apparatus for cooling an intercooler of a motor
vehicle, which is located adjacent to a place in which a
pressure produced in the vicinity of a boundary periph-
ery of a vehicle body is negative, comprising an electri-
cally driven fan which introduces cold air to the inter-
cooler, means for sensing the speed of the vehicle, and
means for controlling the driving of the electrically
driven fan in response to the speed of the vehicle de-
tected by the sensing means, said electrically driven fan
being rotated in a direction in which outside air can be
introduced into the vehicle only when a speed of the
vehicle represented by an absolute value is lower than a
predetermined value.

2. A cooling apparatus according to claim 1, wherein
said electrically driven fan is stopped when the vehicle
speed is higher than said predetermined value.

3. A cooling apparatus according to claim 1, wherein
said fan is driven in a reverse direction when the vehicle

speed is higher than said predetermined value.
* % % * %
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